Performance assessment during the time and along with strategies is the most important requirements of top managers. To assess the performance, a balanced score card (BSC) along with strategic goals and a data envelopment analysis (DEA) are used as powerful qualitative and quantitative tools, respectively. By integrating these two models, their strengths are used and their weaknesses are removed. In this paper, an integrated framework of the BSC and DEA models is proposed for measuring the efficiency during the time and along with strategies based on the time delay of the lag key performance indicators (KPIs) of the BSC model. The causal relationships during the time among perspectives of the BSC model are drawn as dynamic BSC at first. Then, after identifying the network-DEA structure, a new objective function for measuring the efficiency of nine subsidiary refineries of the National Iranian Oil Refining and Distribution Company (NIORDC) during the time and along with strategies is developed.
Introduction
Performance management is one of the most important issues, in which if the organizational vision is used, future decision making of an organization will be achieved along with strategic goals. There are a number of performance assessment tools in the literature; however, the balanced score card (BSC) is used only along with strategic goals. By implementing the BSC, organizations should translate their visions to strategic objectives, link their vision to individual performance, and measure their performance along with their visions [1] .
The BSC methodology is a performance management system for today's successful organizations. It indicates the organizational mission and vision in a set of cause-and-effect relationships in four perspectives (i.e., financial, customer, internal processes and learning, and growth) [2] . The BSC innovators introduced cause-and-effect relationships based on key performance indicators (KPIs) to link strategies to vision. The chains of the cause-and-effect relation connect all the factors with performance indicators through the four perspectives of the BSC model, which reflect dynamically the change of strategies and indicate how an organization creates its value [3] .
The BSC model controls the vision and strategies by performance indicators. The financial indicators are insufficient in explaining the performance because they only contain the information which has taken place in the past. Then, Kaplan and Norton introduced the BSC system, which integrates the indicators regarding the past performance with the indicators regarding the elements that will bring future performances. By using the BSC, balance between performance drivers, named lead KPIs, and outcome measures, named lag KPIs, is created. The lead KPIs communicate the way to achieve vision and indicate early whether strategies are being implemented successfully. The lag KPIs may enable organization to accomplish long-term operational improvements and enhance financial performance. The ideal BSC should have an appropriate mix of the lead KPIs and the lag KPIs tailored to the business unit's strategy [4] .
Mathematical Problems in Engineering
Continuous performance assessment during the time and along with strategic goals is desirable for top managers of an organization. It is suitable for continuous control of any organization. Performance assessment in the BSC is based on lag and lead KPIs. Due to delay of lag KPIs in the BSC, relationships between four perspectives are not simple and dynamics in the BSC perspectives appeared. Despite the capability of the BSC for evaluating the performance based on KPIs, the lack of quantitative methods for measuring the performance is a major weakness. To tackle this weakness, the DEA model can be considered as one of the best mathematical methods to calculate the performance. Despite its capability for evaluating the performance, inability to determine the input and output variables is a main weakness.
The weakness of input and output variables in the DEA model is removed through KPIs of the BSC model and the lack of the quantitative method for measuring the performance is also removed through the DEA model. By integrating these BSC and DEA models, their weaknesses are removed and the synergy for the performance assessment during the time is achieved. According to the abovementioned points, integration of two performance assessment models during the time and along with strategic goals is the main purpose of this paper.
Many studies have been done on the simultaneous use of the DEA and BSC models for performance assessment. Rouse et al. [5] first studied a DEA analysis integrated with the BSC model. They used the DEA model to measure the efficiency over time and then used four perspectives of the BSC model as variables of the DEA model. Eilat et al. [6] used mixed DEA, BSC, and branch-and-bound algorithm in order to develop their previous study [7] proposing a framework for selection of the R&D projects. Chen et al. [8] used an integrated DEA and BSC model to measure the selection of KPI results at a credit cooperative bank in Taiwan with four models. The first model includes input and output variables, the second model includes BSC indicators, the third model includes BSC risk indicators, and the fourth model includes traditional financial indicators. García-Valderrama et al. [9] and Chiang and Lin [10] developed a DEA model to compare the tradeoffs between financial and nonfinancial KPIs in the BSC by considering the KPI of the BSC model as a variable in the DEA model.
Maced et al. [11] used an integrated DEA and BSC model with six KPIs based on six BSC perspectives as variables in order to evaluate the performance of bank branches in Brazil. Asosheh et al. [12] used integrated BSC and DEA models to measure the efficiency of projects in Iran Ministry of Science, Research and Technology with the fuzzy data. Amado et al. [13] used DEA and BSC models to measure the performance of a multinational company. Most studies have used the KPIs of BSC model as input and output variables in the classic DEA model.
Because of time delay in the lag KPIs of the BSC model, considering the time factor for performance assessment is essential. To consider the time delay resulting from the lag KPIs, the dynamic cause-and-effect relation of the BSC model in different periods based on judgment of experts must be determined.
Different studies to draw causal relationships between perspectives of BSC based on judgment are done. The DEMATEL model [14] [15] [16] [17] , DEMATEL model with fuzzy data [18, 19] , and the DEMATEL and ANP model [20, 21] are used to identify the causal relationships among strategic objectives. Apart from these, similar studies have been conducted on drawing cause-and-effect relationships. For example, Jeng and Tzeng [22] used the fuzzy DEMATEL model to discover the causal relationship between the important variables. Ren et al. [23] used the DEMATEL model to recognize the causeand-effect relation to improve the sustainability of a hydrogen supply chain. Horng et al. [24] used the DEMATEL model to identify the critical standard and draw the cause-and-effect relation between them for the future restaurant space design.
By revealing the cause-and-effect relation during the time of the BSC model, the classic DEA model is not suitable quantitative one to measure the efficiency. Thus, a network-based DEA model is needed. Different studies on this network model have been carried out. The reader may read more details in Kao [25] . The basic two-stage is the simplest network structure, in which all inputs from outside are supplied to the first process to produce intermediate products for the second process to produce the final outputs. Each stage is named process and total structure is named system. Seiford and Zhu [26] measured the performance of US commercial banks by using a basic two-stage structure. Based on this work, a lot of studies have been carried out. Yang [27] used an average model to measure the process efficiencies of insurance companies in Canada. Kao and Hwang [28] proposed a relational model with a product of two processes as objective function to measure the system efficiency of nonlife insurance companies in Taiwan. Chiou et al. [29] considered the average of two processes as objective function to measure the efficiencies of bus companies in Taiwan. Chen et al. [30] used a system distance model with a weighted average approach as objective function considering projection of the intermediate variable to measure the efficiency.
Wang and Chin [31] showed that if the weight of each process is defined as the aggregate output of the process in that of two processes, then the aggregate efficiency is a weighted harmonic average of the process efficiencies. Kao and Hwang [32] used BCC input and output models for efficiency measurement of the first and second process models, respectively. Then, they decomposed the system efficiency as a product of the technical and scale efficiencies. Lewis et al. [33] minimized the input parameter and maximized the output parameter to measure the performance of Major League Baseball teams.
A general two-stage structure allows both stages to consume exogenous inputs supplied from outside. For the first time, Charnes et al. [34] used this structure for measuring the efficiency of each process treated as a decision making unit (DMU). Kao and Hwang [35] extended their previous model [28] for the general two-stage structure that the inputs were shared with the second process. Chen et al. [36] used a weighted average of the two process efficiencies as objective function. Liang et al. [37] developed two models to measure the efficiency. One model is to maximize the average of the two process efficiencies, and the other model is to give a higher priority to one process. Xie et al. [38] minimized a weighted input process distance function for efficiency measurement of regions in China. Lozano et al. [39] used a distance function for measuring the performance of Spanish airports.
A series structure appeared with generalization of the general two-stage structure considering a number of processes connected in sequence, in which each process consumes the exogenous inputs and intermediate products by the preceding process. Nouri et al. [40] defined series structure with five stages for measuring the system and process efficiencies of plants in Iran. Kao and Liu [41] used multiperiod system without intermediate products for performance measurement of commercial banks in Taiwan with this structure.
Another type of the network is parallel structure that is the same as the multiperiod system; however, input or output variables can be shared. Kao [42] proposed a parallel system to measure the system and process efficiencies with the weighted average of the component process efficiencies as objective function. Bi et al. [43] proposed the parallel structure, in which the inputs were shared and the outputs were the contribution of both processes.
There are network systems whose structures are neither series nor parallel, but a mixture of them, named mixed structure. Chen and Yan [20] defined a mixed three-stage structure for performance measurement of supply chains, in which the system efficiency was the product of the process efficiency. Adler et al. [44] defined a mixed two-stage structure, in which the first and second stages had one and two processes for the performance assessment of airports in European countries, respectively. Wang et al. [45] used a mixed twostage structure, in which the first stage divides to two parallel processes and the objective function minimizes the weighted average of the input and output distance parameters of the first and second stages for efficiencies measurement of hightech firms in Taiwan, respectively. Lin and Chiu [46] defined a mixed three-stage structure, in which the second stage is composed of two parallel subprocesses for the Taiwanese domestic bank's performance assessment.
With regard to the above division of the existing network DEA models in the previous section, a basic two-stage structure of the network DEA model as basic model of this paper is described in Figure 1 , where all inputs ( ) from outside are supplied to the first process to produce intermediate products ( ) for the second process to produce the final outputs ( ).
Chen et al. [30] proposed a weighted additive with the arithmetic mean approach named additive model.
Components of a two-stage process and proposed overall efficiency of the two-stage process are given by
where 1 + 2 = 1. These weights are not decision variables, but rather are functions of decision variables. By setting for stage of DMU , is the proportion of the total resources for the process that are devoted to stage , reflecting the relative size of that stage as follows:
Then, for the basic two-stage structure, we have
The overall efficiency of the process is calculated by solving the following nonlinear problem, named additive model as follows:
In this paper, based on this basic structure of network-DEA, a new model for efficiency measurement is developed. By considering a time factor resulting from the lag KPIs of the BSC model, the time series analysis can be used. Klepac introduced the REFII model to automate the time series analysis, through a unique transformation model of time series in 2005. It is an authorial mathematical model for time series data mining. Furthermore, he used it to evaluate risk in an insurance company [47] .
Materials and Methods

Proposed Framework.
Deployment of the BSC model is not the purpose of this paper; however, efficiency measurement during the time and along with strategic goals integrating of the BSC and DEA models is the main purpose of this paper. By the simultaneous use of these two models, the purpose of this paper is followed. Despite various studies on the simultaneous use of the BSC and DEA models, almost all studies used KPIs of the BSC model as input and output variables in the classic DEA model. These studies did not consider a dynamic factor resulting from the delay of the lag KPIs as dynamic variables with severance of the lead and lag KPIs.
To consider the time factor, in addition to identifying causal relationships of the BSC perspectives at a time period, dynamic causal relationships of BSC perspectives at different periods should also be considered.
After dividing the KPIs into four perspectives of the BSC model and identifying the lead and lag KPIs, dynamic and nondynamic relationships between perspectives of the BSC resulting from lag and lead KPIs are determined based on expert judgment, respectively.
Several studies have been carried out to draw the causeand-effect relations among perspectives of the BSC model with expert judgment. However, none of them has considered delay of the lag KPIs. In the first stage of the proposed framework, the dynamic and nondynamic cause-and-effect relations considering the lag and lead KPIs between perspectives of the BSC model are drawn with fuzzy DEMATEL model, respectively. For identifying dynamic causal relationships, the relation matrix between perspectives of BSC with attention to the lead and lag KPIs are created in a dynamic pattern as shown in Figure 3 . The relationships in the perspectives of the same period and between perspectives of different periods are shown in gray and white cells, respectively. This matrix is created by using expert judgment and considering relationship of the lag and lead KPIs. The linguistic variables are used to decrease obscurity of expert judgment.
In the second stage of the proposed framework, fuzzy DEMATEL model is used to determine the dynamic and nondynamic cause-and-effect relations between perspectives of different and same periods, respectively. Then, after defuzzification of fuzzy DEMATEL calculation, dynamic cause-and-effect relations between perspectives in different periods are drawn as dynamic BSC.
The BSC model evaluates the efficiency along with strategy. Hence, for measuring the efficiency along with a strategy and during the time, a DEA mathematical method should be added to the dynamic BSC. Then, after identifying causal networks of BSC perspectives, a classic DEA model is not suitable. Thus, a network-DEA model is required. Despite several studies have been done on the network DEA as reviewed in the previous section, none of them has not considered network relations of the third level. In the third stage of the proposed framework considering third level, a new network DEA structure for measuring the efficiency is introduced. Then, dynamic and nondynamic variables resulting from the lag and lead KPIs are defined as variables, respectively.
Chen et al. [30] used the weighted additive with the arithmetic mean approach of the second level. However, by defining the third level in the proposed network DEA structure, a new objective function is defined. Then, modeling for optimization of the proposed structure is done. Finally, in the sixth stage, the efficiency of decision making units based on the data set of the KPIs of BSC model as variables is measured. By deploying this proposed framework, 
Figure 3: Dynamic relation matrix.
the efficiency of DMUs during the times and along with strategic goals is measured. After identifying the efficiency of DMUs, the strategic initiatives are redefined to improve the efficiency scores with feedback lines as shown in Figure 2 .
Case Analysis.
The National Iranian Oil Refining and Distribution Company (NIORDC) was established on the principle of separating upstream activities, which has nine oil existing refineries. These companies have performed National Iranian Oil Company's activities in the area of all activities related to crude oil transportation to the refineries and export jetties, processing, production and distribution of numerous oil main products and byproducts throughout Iran, marketing and exporting special products surplus, construction of refineries, marine platforms, pipelines, and communication networks, and ensuring internal and long In this paper, the efficiency of nine oil existing refineries of the NIORDC is measured as case analysis. The KPIs of the NIORDC is divided into four perspectives of the BSC model based on oil expert comments in Table 1 . The strategic initiatives are also assigned to perspectives for improving them. The result of the lag KPIs occurs with time delay because they introduce the past performance. The lead KPIs do not occur with time delay because they introduce elements that will bring future performances. The lead and lag KPIs identified in the Table 1 help oil experts to have judgment. For improving the perspectives, the strategic initiatives are defined for them.
Relation between Perspectives of the BSC.
In this stage, a dynamic relation matrix with attention to the lead and lag KPIs between perspectives of a period and different periods is identified, respectively. The lag KPIs occurs with delay. For this reason, the cause-and-effect relations between perspectives in different periods of the BSC model are created with delay. The lead KPIs do not have delay and create a nondynamic cause-and-effect relations between perspectives at the same period without any delay.
According to the pattern presented in Figure 3 , three groups of oil experts judge the relationship of the BSC perspectives in different and the same periods with attention to the lag and lead KPIs with linguistic variables, respectively. To ensure a correct judgment of oil experts, the result of the lead and lag KPIs corresponding to the BSC perspectives is presented for them. Then with awareness of the NIORDC lead and lag KPIs, the relationship between the perspectives is judged. Due to space limitations, description of the lead and lag KPIs is ignored. Linguistic judgment of the first oil expert group on a dynamic relation matrix is shown in Table 2 . The perspectives of the BSC model are presented as financial (F), customer (C), internal processes (I), and learning and growth (L).
Drawing the Dynamic Causal
Relationship. By adopting a fuzzy triangular number and linguistic values as shown in Table 3 , a fuzzy DEMATEL model is used by expressing Table 2 : Dynamic linguistic assessment of oil experts. [48] . Supposě̃= ( , , ) are triangular fuzzy numbers and are obtained from assessment of oil experts. The average of these assessments is accounted by using the following equation as shown in Table 4 , which is called a dynamic relation fuzzy matrix:
By normalizing a dynamic relation fuzzy matrix, a normalized dynamic relation fuzzy matrix (̃) is calculated bỹ Table 5 : Fuzzy normalized dynamic relation matrix. It is assumed that at least one exists such that ∑ =1 < 1 [48] . According to Table 4 and considering the mean of a fuzzy relation matrix and judgment of oil experts, 6.25 for -value is defined. The fuzzy normalized dynamic relation matrix is illustrated in Tables 4 and 5 . Next, the total fuzzy relation matrix is calculated by using (7) and the total dynamic fuzzy relation matrix is illustrated in Table 6 :
By producing the total dynamic fuzzy relation matrix,̃+ã nd̃−̃are calculated, wherẽand̃are the sum of rows and columns, respectively. To access the casual dynamic relationships between perspectives,̃+̃and −̃are calculated in our partial results in Table 6 . To finalize the procedure, all calculated̃+̃and̃−̃and total dynamic fuzzy relation matrix are defuzzified through simple equation (8) as shown in Tables 7 and 8 :
After it becomes clear that how perspectives of BSC impact each other during the time, identification of threshold to remove the minor impact is essential. This threshold is determined by using expert opinion and in some cases by mean of the total relation matrix elements [49] . In this paper, after getting out by the mean of the total relation matrix elements of Table 8 as a mental assistance to oil experts, the threshold value of 0.45 based on oil experts' consensus is considered. The elements that have relationship more than 0.45 are considered to be drawn as causal relationship. By considering dynamic cause-andeffect relations between four perspectives of the BSC model, network relationships are identified as dynamic BSC depicted in Figure 4 .
Defining the Dynamic
Network DEA Structure. According to the dynamic cause-and-effect relations of perspectives as shown in Figure 4 , a dynamic network-DEA structure with dynamic and nondynamic variables for one DMU is depicted in Figure 5 . According to this structure, efficiencies are measured in three levels. In the first level, named system, the overall efficiency is measured. In the second level, named process, the efficiency of each period is measured. In the third level, named activity, the efficiency of each perspective in a period is measured. The dynamic and nondynamic relations shown as dash and continuous lines in the dynamic network-DEA structure are the lag and lead KPIs of the BSC model, respectively. By attention to dynamic network structure as shown in Figure 5 , the first level is similar to the basic two-stage structure. It measures the overall efficiency. The external relations of perspectives among different periods are identified as dynamic relation in the second level. It is similar to general two-stage structure because it allows both processes to consume exogenous inputs and outputs from outside. The internal relations between perspectives in each period are shown in third level. It is similar to the mixed structure because of being connected by both series and parallel network relations. continuous lines are the lag and lead KPIs of the BSC model, respectively. Then, the data set of nine refineries KPIs as the DMU of the NOIRDC are illustrated in Table 9 . Figure 5: Dynamic network-DEA structure in the NIORDC. [30] , the efficiency of each activity is measured as follows.
Defining the Dynamic and Nondynamic Variables. The dynamic and nondynamic relations shown as dash and
For activities of Process 1,
For activities of Process 2, 
Each period is a process in the second level. The efficiency of each process is measured by the following.
For Process 1,
For Process 2,
For the first level, the overall efficiency of system by considering the system as black box is measured by
The black-box approach in the DEA was originally developed to measure the efficiency of a DMU as a whole unit by ignoring internal relationships. The calculated efficiency with this approach may not be true because the operations of the component processes are ignored [34] . It may overestimate the efficiency of ignoring the intermediate input/output measures [45] . The black-box objective function is the simplest approach that comes to mind for a dynamic network in the Figure 5 . But because it ignores the operations of the component processes and activities in second and third level, it is not an appropriate approach. Hence, for considering the network and dynamic operations of the component in a sublevel, the additive model based on Chen et al. [30] is used. The weighted average of the efficiencies of the individual components in the activity level treated as perspectives of the dynamic BSC is measured by = (component input) (total input accross all components)
.
For example the weight of first activity in first period is modeled by
Similarly, for the other activities the weights are calculated. The above coefficients are the weights of perspectives of the BSC in the third level named activities. The weights of each period in the second level, named processes, are measured as follows.
In the studies carried out so far in the network DEA model, the weighted average of processes is considered as objective function. In the structure of this paper in Figure 5 , the third level with network relationships is added. Then, the classic weighted average of processes as objective function is not appropriate and needs to be defined as a new objective function. Considering a network relationship in the third level between activities, the weighted average of activities in each process in the third level measure is considered for measuring the weighted average of the process in the second level as follows: 
In (18), the processes efficiency is a convex combination of activities efficiency and the system efficiency is a convex combination of the processes efficiency because 11 + 12 + 13 + 14 = 1 
Constrains of the second level are
Constrain of the first level is 
Measuring the Efficiency.
To measure the efficiency based on the proposed model in the previous section, information of the KPIs of the NIORDC in Table 8 is used. The efficiency of nine refineries in three levels and the objective function of the model are illustrated in Table 9 . By this calculation, the efficiency of each perspective and efficiency of each period and overall efficiency along with strategic goals and during the time are measured.
Result and Discussion
The integrated BSC and DEA model proposed in this paper to measure the efficiency during the time and along with strategic goals have been the main purpose. To follow this purpose, it should be understood how a time factor can be added to the cause-and-effect relation between perspectives of the BSC model. No study using the BSC and DEA models simultaneously has considered the time factor resulting from the lag KPIs as dynamic variables. In addition, no study has considered dynamics with attention to delay of the lag KPIs to draw the cause-and-effect relations of the BSC model reviewed so far. By deploying a proposed framework of this paper, the cause-and-effect relations of perspectives during the time with attention to delay of the lag KPIs between different periods and the lead KPIs in the same period have been created. As shown in Figure 4 , in addition to the classic relations from the "Learning and Growth" perspective to the "Financial" perspective, there are a recursive dynamic relation from the "Financial" perspective to "Internal processes" perspective and a circle loop relation from the "Internal processes" perspective to the "Financial" perspective in a period. There also are dynamic relationships as the dash lines from perspectives of the first period to perspectives of the second period. Then, considering the time delay of the lag KPIs in different periods, the dynamic BSC and time factor are considered.
By considering a network relation of the dynamic BSC, the perspectives of each period and different periods have internal and external dynamic network relations, respectively. None of the network DEA structure reviewed so far does not consider the network relations in the third level and the relation of processes stages only is modeled. In the proposed network DEA structure, these relationships are considered.
By deploying the proposed framework, the efficiencies of each perspective and each period as well as the overall efficiency along with strategic goals and during the time considering delay of the lag KPIs are measured. As shown in Figure 6 , the system efficiency is a convex combination of processes. It means that, for each DMU, the overall efficiency ( ) is between the maximum and minimum of each period efficiency ( 1 , 2 ). The processes efficiency also is a convex combination of the activities efficiency. It also means that for each DMU, each period efficiency is between the maximum and minimum of perspectives efficiency. These convex relations indicate accuracy of the proposed formulation.
By considering Table 10 , the 7th refinery has the best efficiency because of the good efficiency score in the "Financial" and "Internal processes" perspectives in the second period. The ninth refinery has the worth efficiency because of the bad efficiency score in the "customer" perspective in the second period. Similarly, for other refineries, the causes of good or bad efficiency scores are analyzed. Then, the root causes of these scores are cleared with attention to causal relations of perspectives. For example, considering the dynamic BSC as shown in Figure 3 , the "Internal processes" perspective in the first period has causal relationships with the "Customer" perspective in the second period. Hence, the root cause of the bad efficiency score of 9th refinery is the bad performance of "Internal process. " After identifying inefficient units, by considering the cause-and-effect relations of the dynamic BSC, the root cause of the bad efficiency scores is identified. Then, the strategic initiatives are revised to improve efficiency scores. This also is a good method for making a decision on which improvement projects should be started or revised.
Conclusion
In this paper, the time factor has been considered with severance of the lead and lag KPIs for drawing the casual relationships during the time with the fuzzy DEMATEL model. By considering the network relations of the dynamic BSC, a new two-stage DEA structure with three levels has been proposed. For formulation of this structure, the weighted average of activities efficiency (i.e., efficiency of perspectives) in the third level has produced weights of the processes efficiency (i.e., weights of periods) as objective function. Then, dynamic and nondynamic variables based on the lag and lead KPIs have been considered, respectively, for the efficiency measurement. In this new objective function, the dynamic network relations of the third level among perspectives have been considered for measuring the efficiency, and the weakness of ignoring these relations have been removed. Based on the proposed framework, the efficiency of nine subsidiary refineries of the NIORDC during the time and along with strategic goals has been measured. By reporting the relationship of the dynamic BSC and these efficiency scores to the NIORDC managers, the results of the proposed framework have been confirmed and validated in experimental space. It can be interesting to use time series based methods (e.g., REF-II model) to predict the efficiency score of DMUs with the data set of the last KPIs for future research.
